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Abstract


Role of external heat and mass transfer in laboratory Reactors The present-day laboratory reactors have teen developed to fulfill the sole objective of determining intrinsic kinetics of catalytic reactions. The transport processes are therefore treated as 'falsifiers'. As a result, the catalyst is used in the form of small particles to ensure that the internal heat and mass transfer do not influence the measurement of intrinsic reaction kinetics. With the catalyst in the form of multitudes of particles, the only way to account for external heat and mass transfer is to resort to the film theory which however cannot give a true quantitative estimate of these transfer rates. The difficulty is then circumvented by operating the reactor at relatively low temperatures at which the intrinsic rate of reaction is very low compared to that of external mass transfer. This indirect approach very much restricts the range of temperature under which reaction kinetics can be studied. On the other hand, for the design and operation of the industrial reactors which operate for maximum throughput per unit weight of catalyst, the intrinsic kinetic data are not enough, the information on its interactions with transport processes also being required. A few reactors have "been developed in the recent years in which "both the intrinsic kinetics and its interactions with transport processes can be studied. But these reactors are unwieldy in size and hence they have not found acceptance as laboratory reactors. Rotating-disk flow system. The following advantages must be taken into account while considering this flow system in developing a laboratory reactor: 
i) The surface is uniformly accessible for heat and. mass transfer, i.e. the local [point] rates are same over the entire surface. ii) The rates of heat and mass transfer can be computed from the boundary layer theory. iii) The flow is generated by the disk itself, and. it can be computed from theory. iv) Extensive studies carried out on this flow system have made it possible to specify the range of parameters in which the exact solution of heat and mass transfer is applicable. Design and, construction of rotating disk reactor Initially plug-flow condition was considered to be the only choice and a reactor was made accordingly. During the course of this work, it was observed that the flow generated, by a disk was enough to operate the reactor under mixed-flow condition. Accordingly a new reactor was designed and fabricated and construction details are given in this thesis. The disk used in this work was of 75 mm diameter and was operated in the speed range 2000-9500 rprn. In view of the mechanical problems and the limitations of precision in the fabrication of such high-speed devices the construction of this reactor was simplified and the maximum operating temperature restricted tc 230?C. The catalyst pellet was prepared by in situ pressing in the tapered bore of the disk. Two bore sizes were used viz. 23/25 and 43/45 mm diameter. Experimental studies on rotating disk reactor The residence time distribution studies confirmed, that the flow pattern of the reactor can be represented by perfect mixed-flow [CSTR] condition.. , The mass transfer studies using the naphthalene sublimation technique confirmed that the rate of mass transfer is in agreement with that predicted by theory. The reaction studies were carried out with oxidation of hydrogen by air as the typical reaction. Three types of catalyst formulations were devised and tested. These are; i) bulk metal ii) thin coating, and iii) supported-metal . 
The in situ pelleting of supported metal catalysts was found to be suitable, and a catalyst containing O.08% platinum on calcium carbonate was extensively tested in the temperature range 27-230oC and in the Reynolds number range 8000-84000. The reaction was found to be mixed controlled by external as well as internal heat and mass transfer. Multiple steady states and oscillations around a steady state were observed. Detailed study of the interactions of external and internal transport processes with reaction kinetics was not possible in the temperature range 27-230 O C. The three studies mentioned above have confirmed for the first time that it is feasible to use the rotating disk reactor as a laboratory reactor to study not only the reaction kinetics but also their interactions with transport processes. 













